Our previous studies demonstrated that topic application of recombinant human acid fibroblast growth factor (aFGF) significantly, but still not completely, improved in diabetic ulcer healing. To obtain a maximal therapy for diabetic ulcer healing, a combined protocol containing aFGF, anti-oxidative reagent zinc (Zn) and stem cell stimulator granulocyte colony-stimulating factor (G-CSF), i.e.: aFGF/G-CSF/zinc sulphate (ZnSO 4 ), was explored in the present study. Diabetes was induced by a single dose of streptozotocin (STZ, 55 mg/kg) in Sprague Dawley rats, and full thickness skin wound was made in diabetic rats at 2 months after diabetes onset. Diabetic ulcer rats were treated with aFGF, G-CSF, ZnSO 4 , aFGF/G-CSF/ZnSO 4 or vehicle control, respectively and 3, 6, 9, 12, 15, 18, 21 and 28 days later, therapeutic effects were evaluated by calculating ulcer area. On day 7, 14, 21 after treatment, rats were sacrificed to collect 2 pieces of dorsal skin from 3 different sites (wound center, edge and healed area) to perform histopathological examination. Results showed that treatment with aFGF/G-CSF/ZnSO 4 significantly enhanced ulcer healing compared with single drug treatment groups at different time points. Healing times for 100% of the wound in the aFGF/G-CSF/ZnSO 4 group was 20.00 ± 1.15 days, and significantly shorter than those in single treatment groups (p < 0.05). Histopathological and immunohistochemical analysis disclosed significant increases in capillary density, proliferating cells, the expression of tissue inhibitor of metalloproteinase 1 (TIMP-1) and the ratios of TIMP-1 to matrix metalloproteinase 1 (MMP-1) in aFGF/G-CSF/ZnSO 4 group as compared to other single treatments. Collectively, the combinative protocol of aFGF/G-CSF/ZnSO 4 significantly enhanced the therapeutic effect on diabetic ulcer wound, probably through the promotion of fibroblast proliferation and differentiation, enhancement of blood vessel regeneration, and up-regulation of TIMP-1 and down-regulation of MMP-1 expression in diabetic ulcer healing process.
INTRODUCTION
Diabetic complications have become a serious issue for public health. One of these complications is the impaired-wound healing for diabetic patients. 1, 2) Lack of cellular and molecular signals required for normal wound healing process such as angiogenesis, granulation tissue formation, epithelialization, and remodeling may be the reason for abetic wounds. 1, [3] [4] [5] Topical application of several growth factors to stimulate fibroblast and endothelial cell proliferation to heal the impaired wound may enhance successful rate of wound healing. [8] [9] [10] Under appropriate pathophysiological conditions, growth factors, such as vascular endothelial growth factor (VEGF) and fibroblast growth factor (FGF), are released to initiate angiogenesis. [11] [12] [13] Impaired wound healing is a common condition in diabetes associated with a delay in progression beyond the inflammatory and proliferative phases of normal wound healing. 11, 12) For example, FGF is secreted by fibroblasts, macrophages and in particular endothelial cells in response to tissue injury and plays an important role in angiogenesis. Hyperglycemiaderived glycation significantly reduces FGF's binding capacity to the tyrosine kinase receptor and activates signal transduction pathways responsible for both mitogenesis and capillary formation. 12) Therefore, significant acceleration of wound healing by topical application of various exogenous growth factors including FGF has been observed in diabetic animal models [14] [15] [16] [17] and a few of diabetic patients. 18) However, only application of a single growth factor remains unable to obtain the maximal therapeutic purpose. 19) These studies suggest multiple mechanisms contributing to diabetes-impaired wound healing.
Indeed other alterations in wound local tissue except for the defect of growth factors also significantly affect the healing. 13) Zinc (Zn) is an essentially trace element for cell growth, proliferation, and cellular repair and signaling. 13, 20) Diabetes significantly impairs Zn homeostasis, leading to systemic Zn deficiency, 20) which is proposed to associate with the impaired wound healing. 21, 22) Significant benefit of topical application of Zn with or without other components on diabetic or nondiabetic wound healing was observed. 13, [23] [24] [25] [26] The beneficial effects of topical application of Zn include not only the correction of wound tissue's Zn deficiency, but also the enhancement of angiogenesis, decrease of inflammatory response and bacterial growth, and increase of antioxidants against diabetes-caused dermal and vessel further damage. More important, Zn is also able to amplify FGF functions. 27, 28) Systemic abnormalities also play important roles in the delay of diabetic wound healing. 12) Recent study shows that dysfunction of endothelial progenitor cells (EPCs) is a critical cause for the impairment of diabetic wound heal. 26) Administration of circulating CD34+ cells, which can function as EPCs, accelerates the revascularization and healing in the skin wound of streptozotocin (STZ)-induced diabetic mice. 29, 30) An early study also showed that administration of stem-cell stimulating factor improved diabetic wound healing. 31) An recent study with topical use of VEGF also showed that the significantly improved diabetic wound healing was also mediated by systemic mobilization of bone marrow hematopoietic progenitor cells (BM-HPCs) including a population that contributes to blood vessel formation, as one of the multiple possible mechanisms. 15) Granulocyte colony-stimulating factor (G-CSF) is a colony-stimulating factor, which is produced by a number of different tissues to stimulate the bone marrow to produce granulocytes and stem cells and then mobilize these cells into the blood and wound tissue for participating the new blood vessel generation. 32, 33) Therefore, in vivo application of G-CSF stimulated wound healing under non-diabetic condition. 32, 33) The beneficial effects of these different approaches, such as topical application of FGF or Zn and/or systemic application of G-CSF imply that there may be a significantly synergistic stimulation of the wound healing when these multiple approaches are applied together. A few studies have preliminarily explored the combined therapeutic effects with two growth factors. [34] [35] [36] [37] However, these studies just focused on the improvement of wound tissue growth factor defect without much consideration of wound tissue antioxidant and micronutrient improvement and systemic up-regulation of stem cell mobilization. Therefore, the purpose of the present study was to assess the curative effect on the healing-impaired ulcer in STZ-induced diabetic rats with a combined protocol, including topical application of recombinant human acid fibroblast growth factor (aFGF) and nutrient (Zn) to correct wound local defect of both tissue growth factors and Zn homeostasis, and systemic application of G-CSF to peripherally mobilize the endogenous BM-HPCs. Although this hypothesis may be easily imaged to produce a more efficient therapeutic effect, its feasibility remains very interesting and urgent to be tested pre-clinically in animal model. We demonstrated that diabetic ulcer healing was found to be significantly improved by aFGF/G-CSF/zinc sulphate (ZnSO 4 ), as compared to other treatment combinations, suggesting the potential of aFGF/G-CSF/ZnSO 4 as a new diabetic ulcer treatment strategy for clinical application.
MATERIALS AND METHODS
Diabetic Ulcer Rat Model --Male Sprague Dawley (S.D.) rats (body weight 200-230 g) were provided by Wenzhou Medical College Experimental Animal Center and kept in specific pathogen free facility. All animal procedures were approved by the University Animal Care and Use Committee, which is certified by the Chinese Association of Accreditation of Laboratory Animal Care.
To induce diabetic animal model, rats were given a single intraperitoneal (ip) injection of 55 mg/kg STZ (Sigma-Aldrich, Shanghai, China) dissolved in sodium citrate buffer after 12 hr fasting, and control group was injected with equal volume of 0.1 mol/l citrate buffer (pH = 4.2). 38) Food was supplied in 10 min. after STZ injection. On day 7 after STZ injection, whole-blood glucose concentration was detected using a SureStep complete blood glucose monitor (LifeScan Inc., Shanghai, China). The rats with blood glucose concentration higher than 16.67 mmol/l (300 mg/dl) were considered as diabetic and then two months late, those diabetic rats were used for the following two studies.
The first study as a pilot experiment was performed with two purposes: firstly to define whether diabetes impairs wound healing, and secondly to define whether aFGF can have similar or even better therapeutic effect on diabetes-impaired wound healing than recombinant human basic fibroblast growth factor (bFGF) as we found in clinical setting. 19) For this end, diabetic and age-matched nondiabetic (control) rats were anesthetized with 5% Chloral Hydrate (0.5 ml/kg body weight) and depilated using 8% sodium sulfide. A round marker (diameter 2.4 cm, 4.52 cm 2 ) was made on the back of rats with methylrosanilinium chloride. The fullthickness skin in the marked area was snipped with a surgical scissors and the wound area was covered with sterile petrolatum gauze. The rats were divided into 4 groups: control (non-diabetic rats treated with saline, n = 6), diabetes (diabetic rats treated with saline, n = 9), diabetes/bFGF (diabetic rats treated with aFGF at 20 µg/cm 2 , n = 10), and diabetes/bFGF (diabetic rats treated with bFGF at 20 µg/cm 2 , n = 10). One single administration of various treatments was given every other day, respectively.
After defining the success of animal mode showing that diabetes impairs skin wound healing and both bFGF and aFGF are effective in improving diabetes-impaired wound healing in the above pilot study, the second study was performed to directly compare the therapeutic effects of FGF alone with the combination of it with Zn and/or G-CSF in only diabetic rats. We did not include non-diabetic group in this study since each of the approach used in the combination has been used extensively to non-diabetic animals. 19, 33, [39] [40] [41] In these previous studies, application of the exogenous growth factors or Zn did not always stimulate the wound healing process, for which one of the reasons is because normal tissue is not defect for these growth factors or nutrients such as Zn. 42 ) Diabetic induction by STZ and the full-thickness skin wound for the diabetic rats was made as described in the pilot study. Therefore, 114 diabetic rats at 2 months after the onset of diabetes were randomly divided into 8 groups, 14 rats per group, and aFGF (20 µg/cm 2 ), bFGF (20 µg/cm 2 ), insulin (1 U/300 g), G-CSF (1800 U/cm 2 ), 0.01% ZnSO 4 (0.1 ml/cm 2 ), vehicle (0.1 ml/cm 2 ), aFGF/G-CSF/ZnSO 4 and aFGF/G-CSF were administrated every other days, respectively. Diabetic Ulcer Healing Status Monitoring --The wound size was monitored using a digital camera at day 3, 6, 9, 12, 15, 18, 21 and 28 after injury and drugs administration and quantified using image-pro plus 5.2 software according to proportional reference scale. Meanwhile, the wound healing time including average time to reach 100% healing in each group was also calculated. Histopathological Examination --At days 7, 14, 21 after treatment, rats were sacrificed to collect 2 pieces of dorsal skin from wound center and wound edge areas to perform histopathological examination according to our previous report. 38) There was no histological observation at 28 days since at this time-point, most of the treatment groups have 100% healed wound. Histopathological analysis focused on the changes of thickness of epithelia, granulation tissue formation and neovascularization. Capillary Density --Micro vessels with diameter between 10 µm to 50 µm were counted in high power field (400 fold) randomly, 9 fields per section. The capillary density was expressed as micro vessel number per high power field (400 fold).
Collagen Staining --Collagen in intercellular substance and cell matrix were stained by Masson staining method. Sections from wound center area were dewaxed and rehydrated conventionally, placed in Masson solution (acid fuchsin 1 g, ponceau red 1 g and orange G 2 g in 100 ml 0.5% acetic acid) for 5 min and then in 0.5% acetic acid for 1 min, and rinsed in deionized water before placing in phosphomolybdic acid (2%) for 5 min. Subsequently, sections were immersed in 0.5% bright green for 5 min, and rinsed in 0.5% acetic acid, 95% ethanol, and absolute ethanol in turn, immersed in xylene for 10 min, and mounted with resin. Collagen fibers were stained blue, cytoplasm and erythrocyte were stained red, and nuclei were stained bluish brown. Immunohistochemical Staining --Tissue paraffin sections (5 µm) from edge area were used for proliferating cell nuclear antigen (PCNA, 1 : 50), tissue inhibitor of metalloproteinase 1 (TIMP-1, 1 : 100), and matrix metalloproteinase 1 (MMP-1, 1 : 100) immunohistochemical staining according to the methods as our previous report. 38) The expression of PCNA, TIMP-1 and MMP-1 was quantified using image-pro plus 5.2 software. Three high-power fields (400 fold) per slide were counted for PCNA, TIMP-1 and MMP-1 positive cells, for which three slides from each of eight to fourteen animals per treatment group were analyzed. The expression of PCNA, TIMP-1 and MMP-1 was expressed as percentage of positive cells in the total cells under 400 fold high-power fields. Statistical Analysis --All data displayed as mean ± S.D., analyzed by one-way analysis of variance (ANOVA) and Chi-square test. LSD-t test was used to compare differences between groups, and the rate difference between groups was compared using partitions of χ 2 method. SPSS12.0 software was used for the rest statistical tests. Differences were considered to be significant at p < 0.05.
RESULTS

Preparation of Diabetic Rats
Rats receiving STZ resulted in significant elevation in blood glucose level (≥ 16.7 mmol/l) after 1 wk (Fig. 1A) , which was sustained throughout the duration of the study. On average, rats had a mean body weight of 200.8 ± 7.3 g at the beginning of the study, the body weight of diabetic rat increased slowly, and reached to about one half of the body weight of non-diabetic rats at 2 months after diabetes onset (Fig. 1B) , which is consistent with our previous studies.
Diabetes-delayed Skin Wound Healing and its Improvement by FGF
To ensure that diabetes suppresses skin wound healing and this diabetic suppression of skin wound healing can be improved by FGF, a pilot study was performed. Skin wound was made for both diabetic rats at 2 months after the onset of diabetes and age-matched non-diabetic rats, and diabetic rats were randomly divided into four groups as shown in Fig. 2 . In non-diabetic rats treated with saline (Control), the skin wound was completely healed around 15 days after injury ( Fig. 2A, B) while it was signif-
Fig. 1. Changes in Blood Glucose and Body Weight in Diabetic Rats
Blood glucose was elevated and maintained at high level (A), and the body weight had no significant gain at indicated time points in two months after STZ induction compared to control (B).
Fig. 2. Diabetic Ulcer Wound Model
Full-thickness excisional wounds (diameter 1.8 cm, 2.54 cm 2 ) were created on the back of male diabetic rats. The wound closure process in normal and diabetic rats with different treatments was monitored and the residual ulcer area after drug administration was demonstrated (A), and the 100% healing time was calculated. * * : p < 0.01, vs. Control; ## : p < 0.01, vs. Diabetes; $$ : p < 0.01, vs. bFGF.
icantly delayed in saline-treated diabetic rats (Diabetes) until 28 days after injury ( Fig. 2A, B) . Results also showed that treatment with bFGF (Diabetes/bFGF) as the commonly-used approach for diabetic ulcer in China significantly accelerated the wound healing, shown by reducing ulcer sizes at indicted time points ( Fig. 2A) and completely healing time (Fig. 2B ) as compared to Control. Furthermore, it should be noted that aFGF was also effective in accelerating diabetic wound healing, which is similar to or even better than bFGF (Fig. 2) .
aFGF/G-CSF/Zn Enhanced Diabetic Ulcer Closure
In the second study, we included bFGF as the positive control group of commonly-used treatment protocol and compared aFGF alone with its combination with other approaches because the therapeutic effect on diabetic wound healing of aFGF was similar to or even better than bFGF (Fig. 2) . 19) Results showed that on the indicated time points, aFGF/G-CSF/ZnSO 4 had the best wound healing effect on diabetic ulcer (p < 0.01), and aFGF/G-CSF showed good therapeutic effect although less than that of aFGF/G-CSF/ZnSO 4 (p < 0.05). Treatment with aFGF showed similar therapeutic effect to that of positive control bFGF (p > 0.05), but all single drug treatment groups had less therapeutic effect on ulcer healing than combined treatment (Fig. 3A) .
We also analyzed ulcer healing time and found that only aFGF/G-CSF/ZnSO 4 group had significant shorter healing time (20 ± 1.15 days for 100% healing) than that of group treated with bFGF, insulin, ZnSO 4 or vehicle alone treatment (p < 0.05), respectively (Fig. 3B) .
aFGF/G-CSF/ZnSO 4 Improved Skin Regeneration and Remodeling
We next examined the histopathology of ulcer skin in diabetes. The representative microscopic findings were shown in Fig. 4A . Compared with single treatment groups and vehicle group, aFGF/G-CSF/ZnSO 4 treatment displayed hyperplasia of epidermis, improved fibroblast cell proliferation, accompanied with massive capillary vascular bud formation, and increased density of vascular bud in ulcer central area. There was significantly regenerating and proliferating area along with rare muscle fibers were found in the epidermis (Fig. 4A) .
The pathological examination revealed that in wound margin of aFGF/G-CSF/ZnSO 4 treated rats, the corneous layer and skin appendages such as hair follicles, medulla of hair and sebaceous gland were more evident than other groups on day 14. Granular layer hypotrophy disappeared, and the basal layer became rarefaction. Epidermis was filled with collagen, and the diameter of microvessels became bigger. However, there were no significant differences between aFGF/G-CSF/ZnSO 4 and aFGF/G-CSF treatment groups (Fig. 4A) .
We further counted the microvessel density, which showed that aFGF/G-CSF/ZnSO 4 induced angiogenesis and revascularization signifi- cantly. The capillary density were 19.50 ± 3.11, 16.67 ± 1.15, 29.00 ± 3.61 on day 7, 14 and 21 respectively, which were significantly higher than that of positive control [bFGF: 5.5 ± 0.58, 11.33 ± 0.57 and 14.67 ± 1.15 on day 7, 14 and 21 (p < 0.01)]. Compared with bFGF, G-CSF and aFGF/G-CSF also induced higher quantity of microvessels (p < 0.05). However, no statistical differences were found among aFGF/G-CSF/ZnSO 4 , aFGF/G-CSF and G-CSF groups. From all of the drug treated groups we found that the microvessel gradual formation accompanied by ulcer healing progression (Fig. 5) .
Collagen was stained using Masson method, and collagen fiber was stained brilliant green and other issues were purple red or golden yellow. It was found that aFGF/G-CSF/ZnSO 4 induced fast epidermal cell proliferation and differentiation, although there were no obvious differences between experimental groups on 7 day after treatment, but on day 14 and 21 day, aFGF/G-CSF/ZnSO 4 group had fewer nuclei of fibroblast and more collagen fiber than other groups (Fig. 6) .
aFGF/G-CSF/Zn Enhanced Epidermal Cell Proliferation
The proliferation of skin cells was detected by PCNA staining. We found that both aFGF/G-CSF/ZnSO 4 and aFGF/G-CSF induced significant skin cell proliferation on day 7, 14 and 21 compared to vehicle control (p < 0.05). G-CSF group had lower PCNA positive rate than positive control bFGF (p < 0.05). All other drug treated groups had significant higher PCNA positive rates than ve- Fig. 4 . Diabetic Ulcer Wound Healing H&E staining indicated that aFGF, G-CSF and ZnSO 4 combined administration induced obvious fibroblast and epidermis proliferation, and capillary bud formation. Stratum granulosum became hypertrophia and loose, stratum basa became compact in ulcer central zone and rare muscle fiber observed at corium. In wound edge area, stratum corneum and skin appendages regenerated earlier, sebaceous gland cells became large, hair follicles and medulla of hair stained deeply, and plenty of collagen fibers filled in corium (Bar = 50 µm).
hicle control group (p < 0.05). At the same time, we found there was an obvious time-dependant PCNA expression pattern in all of the drug treatment groups, which was relative high on day 7, highest on day 14 and lower on day 21 (Fig. 7A) . These findings were consistent with ulcer healing progression.
aFGF/G-CSF/ZnSO 4 Down-regulated the Expression of MMP-1 and Up-regulated the Expression TIMP-1
The expression of TIMP-1 and MMP-1 were assayed by immunohistochemical staining. No statistical difference was found in MMP-1 expressions among different treatment groups on day 7 (p > The quantity of blood capillary (diameter: 10-50 µm) was counted on H&E stained sections on day 7, 14 and 21 after drug administration (B). * * : p < 0.01, vs. Saline; # : p < 0.05, vs. aFGF, G-CSF, Zn, or aFGF/G-CSF.
0.05). aFGF/G-CSF/ZnSO 4 group had the lowest MMP-1 expression at all indicated time points, and the relative expression level was about one third of positive control (bFGF) and aFGF/G-CSF group on day 14 and 21. MMP-1 expression in G-CSF group was comparable to that of positive control, and lower than that of vehicle control, but there were no obvious statistical differences among them (p > 0.05). From the above results, we found that the expression of MMP-1 had a time-dependant changing pattern along with ulcer healing processes, the expression maintained at lower level at incipient stage (7 day), then increased to peak (day 14), and gradually decreased to a relative lower level at advanced stage (day 21) (Fig. 7B) .
TIMP-1 is an important factor to regulate the function of MMPs. The results demonstrated that aFGF/G-CSF/ZnSO 4 induced a highest expression level of TIMP-1 among different treatment groups in the present study, and the relative levels were 15.00 ± 1.53, 34.33 ± 9.29, 46.67 ± 7.09 on day 7, 14 and 21 respectively. The expression level of TIMP-1 in aFGF/G-CSF group was about half of aFGF/G-CSF/ZnSO 4 treatment group, and had no significant differences from positive and vehicle control group on day 14 (p > 0.05). Zn had obviously influence on TIMP-1 expression (p < 0.05). However, G-CSF had no significant effect on the expression of TIMP-1 on day 7, 14 and 21 as compared with positive control bFGF and vehicle control group (p > 0.05) (Fig. 7C) .
Because TIMP-1 is a negative regulator of MMP-1, we further calculated the ratios of MMP-1/TIMP-1 (Fig. 7D) . We found that the ratios of combination treatment groups were significant lower than that of single treatment groups (p < 0.05), and the ratios of single treatment groups were significant lower than that of vehicle control group (p < 0.05).
DISCUSSION
Diabetic skin ulcer is one of the severe diabetic complications frequently found in diabetic patients. The mechanisms of this diabetic complication are complicated and remain unclearly understood. How to efficiently treat this complication is still a challenge to clinics. 43) Emerging evidence indicates that the mechanisms responsible for diabetic foot or skin ulcers may include at least four aspects, blood capillary pathological changes, impaired fibroblast proliferation, extracellular matrix formation and remolding disorders, and peripheral nerve abnormality. [44] [45] [46] For these four pathogenic changes, hyperglycemia seems the major cause. 7) However, this is not supported by our present study since only control blood glucose level in diabetic rats by injecting longacting insulin could not promote the diabetic ulcer healing processes compared with vehicle control group.
Normally, wounds healing process can be divided into several stages with different characteristics: at incipient stage after injury, a few kinds of inflammation factors moved toward wound area and formed inflammatory infiltration to eliminate injury factor and infection; 47) in the middle stage, The staining results showed that wounds developed vascular granulation tissue, tended to be populated with inflammatory cells and fibroblasts, and partially formed newly formed epithelium at the edge of the wounds in all of the 8 groups on day 7 after wounding, while on day 14, there were thicker and more highly organized collagen fibers deposition in wounds treated with aFGF/G-CSF/ZnSO 4 , especially in 14 (Bar = 50 µm).
blood capillary buds appeared and fibroblasts began to proliferate, and the blood capillary which was regarded as nutrition supplier provided material needed for wound healing 48) and fibroblast proliferation was required to repair the skin structural defect; in the final stage, tissue extracellular matrix formation and reconstruction was initiated. 49) Previous study showed that aFGF mainly enhanced fibroblast mitosis to accelerate diabetic wound healing. 38) Furthermore, since the wound environments are acidic condition in the most time, especially with infection, the basic FGF would not be stable in this environment. It has been found to be better than bFGF in wound healing and myocardial preservation. 39, 50, 51) We also observed that aFGF provided a slightly better healing rate and ef- ficiency than bFGF in improving wound healing for diabetic patients. 19) In this experiment, aFGF group compared with positive control group had similar or even better curative effect, which is consistent with our previous study. 19) FGF can mainly enhance fibroblast mitosis or proliferation, but G-CSF is another important factor influence ulcer healing.
It has been shown that G-CSF can mobilize BMHPCs, thus promoting blood capillary regeneration and mobilizing neutrophil series. 32) Capillary vessel quantity assay displayed that G-CSF group override positive control group (bFGF group) and equivalent to aFGF/G-CSF/ZnSO 4 and aFGF/G-CSF groups in quantity. Our results support the previous finding that G-CSF is another important factor during ulcer healing period. 33, 52) In the study with immunohistochemical stain results of MMPs and TIMP-1, we found the group combined using with ZnSO 4 had lower MMPs and higher TIMP-1 expression. Zn links with Znbinding protein metallothionein as described in previous study. 53, 54) Metallothionein exists in extracellular matrix and involves in regulation of MMPs and TIMPs which depend on Zn to influent collagen fiber decompounded or reconstruction. 55) Diabetes can disorder Zn homeostasis in body, which thus affects cell growth and proliferation, and increases oxidative stress. 56, 57) Present experiment suggested that aFGF/G-CSF/ZnSO 4 group had better extracellular matrix formation, and consequently had better healing velocity and quality. It should be noted that the result in ZnSO 4 group was compared with positive control group, indicating that Zn alone does not significantly stimulate wound healing, but has significantly synergic effect on the wound healing when it is combined with other factors.
In summary, the present study demonstrated that aFGF/G-CSF/ZnSO 4 combination significantly improved diabetic ulcer healing, and the curative promotion was most likely associated with the functions of ZnSO 4 , aFGF, and G-CSF, i.e.: improving wound nutrient environments, fibroblast proliferation and stem cell-related blood capillary regeneration and extracellular matrix reformation and reconstruction. Therefore, this study opens a new road for us to explore the synergic combination of various effective approaches for an optimal therapy.
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